We consider the effect of "Varying Speed of Light" (VSL) theory on the no-charge and non-rotating black holes. We show that in any varying-c theory, the Schwarzschild solution is no more static and even stationary. Also the singularity in the Schwarzschild horizon can not be removed by coordinate transformation. So except initial mass of star, no matter can enter the horizon and the interior part of the black hole separates from the whole manifold. Ifċ < 0, then the size of Schwarzschild radius increases in time and since the entropy of the black hole is proportional to its surface area of event horizon, it increases in this case. The higher value of speed of light in the early universe may cause the creation probability of primordial black holes and their population nowadays decreases enormously.
Introduction
Although the Standard Big Bang (SBB) model of the universe provides a successful model and has no conflict with astronomical observation, but several preassumptions in this model which are introduced as initial values rather than derived aspects can be considered as its faint. According to SBB model, flatness, horizon, primordial seeds of galaxies, magnetic monopole and cosmological constant (Lambda) problems can not be derived from the theory.
The efforts for deriving the above problems as results of the theory has mainly introduced the inflationary model of the universe [1, 2, 3, 4] . In this model, immediately after the big bang in a very short period of time the universe experiences a superluminal expansion due to potentials which convert gravitational attraction to repulsion. During the last two decades of twentieth century, the various models of inflation have been improved but there are some open questions which must be answered by these models. For instance, no successful microscopic foundation for inflation has been presented. By the time no models of inflationary is fully satisfactory [5] . Hence one may feel free to search for other theories.
Varying Speed of Light (VSL) theory then has been introduced as an alternative to inflationary models [5, 6, 7, 8, 9] . It solves the problems of SBB model and also can be in agreement with the theories which allow fine structure constant, α, to vary. For instance, theories which try to bind high-energy physics and standard cosmology with the idea of dimensional reduction. Since high-energy theories use higher dimensional spaces and lowenergy physics is four-dimensional, then there must be a dimension reduction mechanism to lower dimensions. Such a mechanism usually lets one or more of the constants have time or space dependencies [10, 11] . Observations also confirm the time variation of α [12] . However, any variation in α = e 2 /hc can be explained as a variation in c,h and/or e [13] . The theory in which e has time dependency was proposed by Beckenstein [14] . In this theory the vacuum as a dielectric medium screens the electric charge. Although VSL theory can be transformed to a varying-e theory by a suitable choice of transformation but the dual of minimal VSL theory is not a minimal varyinge theory itself [13] . Also new observations of some supernovae show that the universe is accelerating [15, 16, 17] , which can be in agreement with VSL theory.
Different models of VSL due to its mechanism has been introduced, but none of them can be regarded as an exact mechanism for dynamics of c yet [7, 9, 18, 19, 20] . For instance in one model, Albrecht and Magueijo postulate that light travelled very faster in the early universe and due to a phase transition at a critical time t c , with a sudden fall the velocity of light changed to its current value [6] . In a model proposed by Barrow, the c is a smooth power-low function of time and reaches from a very large value to its nowadays value [7] . In another model, a phase of spontaneous breaking of a local Lorentz-invariance, generates a large increase in the speed of light. Reformulation of this model leads to bimetric model. There are two metrics associated to gravitational waves and electrodynamics separately which are related to each other with a vector or gradient of a scalar field [18, 19, 20 ].
This bimetric model lets photon and gravitational waves travel at different speed due to an observer frame. All these models try to solve deficiencies of SBB and inflationary models and in addition construct a theory which best adopt the other part of physics. It is clear that in VSL models the Lorentz-invariance is broken, unless one constructs a unit-independent of the Lorentz-invariance with a new definition of it [9] .
We restrict ourselves to non rotating and no-charge black holes in this paper. Consideration of black holes in general is in progress. The aim of section two is to retain Schwarzschild solution in VSL theory and clarify the constraints that may arise because of changing c. In section three, we discuss about the entropy of the black holes in VSL models. In the whole paper we assume that all other constants of physics are constants.
The Schwarzschild metric
When one tries to find a solution from the Einstein equation in a varyingc theory, it is important to notice how derivatives of c(t) may enter the equation. We first mention that although in some metrics we have dx 0 = c(t) dt, the component of g 00 is the coefficient of dx 0 and not the coefficient of dt (except in especial case of c = 1) 3 . But if there is any other c(t) which may exist in the g ab , the derivatives of c may appear in the Riemann tensor and hence in the Einstein tensor.
Also a problem is located in the heart of general relativity, the Einstein equation itself, i.e.:
Bianchi's identity implies that the covariant derivative of the left hand side of (1) must be zero. In the classical view of this equation when c is fixed, the covariant derivative of the right hand side of (1) is zero as well and hence is in agreement with energy-momentum conservation. But when c is changing, we get:
3 No difficulty arises if one assumes x 0 = c(t) t. But it should be noticed when one writes dx 0 = c ′ (t) dt, these c(t) and c ′ (t) may differ, e.g. when c(t) is a polynomial.
where the derivative of the coefficient is not zero any more. To solve this problem two main ideas are suggested:
1. Adding other term(s) to T µν : but it is important to notice that even when one wants to derive a vacuum solution, the right hand side of (1) may not be zero at all.
2. Neglecting the energy-momentum conservation: then the changing c can act as a source of matter creation. If it would be so any experiment which leads to violation of this conservation can be used to estimate the changing ratio of c. In this case when we try to derive a vacuum solution, the right hand side is zero.
Before considering the black holes, some statements about the Schwarzschild solution in VSL theory are useful. The Schwarzschild line element is a spherically symmetric vacuum solution which is asymptotically flat. Because of Birkhoff's theorem this solution is also static. When in VSL theory, one tries to find a spherically symmetric solution, one gains again the Schwarzschild line element with geometrized mass m = GM c(t) 2 , i.e.:
It is obvious that this solution is asymptotically flat yet, but it is no more static or even stationary, for the g 00 and g 11 are time-dependent. The Birkhoff theorem does not work in this situation. Therefore, no time killing vector can be found to make the Lie derivative of the metric components zero. Any spherically symmetric star or black hole, because of this non-static solution, may have gravitational radiation. Like the classical Schwarzschild solution, this line element in addition to an essential singularity in the center, has a singularity at: As it is clear, this scalar at r = r s tends to infinity. It means the Schwarzschild radius as c varies is an essential singularity. No coordinate transformation can be found to let the matter enter the horizon, i.e. nothing can pass the horizon. The interior part of a black hole is separated from the exterior and the whole manifold. This situation remains until the speed of light will get a constant value. We should mention that it is not the only view point in VSL models which leads to an essential singularity in the Schwarzschild radius [21] .
Since the mass M in (4) is not only the interior mass of the black hole and any outer matter which is attracted towards the black hole (especially in a spherically symmetric configuration) can be involved in M, by attracting 4 more matter, the mass M and respectively the Schwarzschild radius, which is the only parameter describing a black hole, increases. Although this phenomena is not due to VSL theory, it guaranties the dynamic evolution of the Schwarzschild radius even in VSL theory.
To see the effect of VSL theory on the Schwarzschild radius, one can write from (4):ṙ
Due to (6) with decreasing c, i.e.ċ(t) < 0, the Schwarzschild radius increases with time (regardless of any extra matter). Theċ(t) > 0 makes the Schwarzschild radius decrease.
All the effects described above disappear when the speed of light takes a fixed value. The Lorentz-invariance then restored and matter can pass the Schwarzschild horizon of the black hole.
In the early universe, when the speed of light should be much higher than now (at least 10 30 higher to solve the cosmological problems [6] ), the Schwarzschild radius associated with a mass M, is much more smaller and it causes the probability of creation of primordial black holes to decrease very much. This means that the population of primordial black holes is too rare than that of expected by other theories and the probability of observing them tends seriously to zero.
The entropy of black holes
The entropy of a non-rotating and no-charge black hole is obtained from Beckenstein-Hawking relation [22] :
where
are surface area of event horizon and Planck's length respectively. With replacing (8) in (7) we have:
With constant G andh, the time derivative of the black hole entropy becomes:
It is obvious from (10) that when we haveċ(t) < 0, the entropy of the black hole increases without any increase in its (interior and surrounding) mass. Theċ(t) > 0 causes the entropy of the black holes to decrease. In all models of VSL, speed of light decreases from a very large value to its current measured value by means of a phase transition or a power-low function of time. So in all models during the period of decreasing c the entropy increases and it is in agreement with time arrow of the universe. A question may arise here: Which mechanism makes the entropy increase? The answer can not be due to the black holes and their physical properties, but it locates on the mechanism which forces the speed of light to vary in VSL theory and may differ for different mechanisms. For instance, the entropy of thermal photons is proportional to c(t) −3 , so with increasing c, this entropy increases much higher.
Conclusions
We have shown that when c is changing:
• The Schwarzschild line element is again the spherically symmetric vacuum solution derived from Einstein's equation, but is no more static and stationary. So any spherically symmetric star may radiate gravitational waves.
• The Schwarzschild radius for a black hole is not a removable singularity. No matter can pass through the horizon.
• The Schwarzschild radius is dynamics even no matter attracts towards the black holes. It increases and decreases by decreasing and increasing c respectively.
• The entropy of the black hole increases when c is decreasing. It is in agreement with time arrow of the universe.
We should emphasis that if c gains a fixed value, then all the above effects are switched off and the classical properties of the black holes restored.
Finally if the value of c was much more larger than its current value, then the probability of creation of the primordial black holes and their population nowadays, and consequently the probability of observing them reduces very largely.
